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R1031spot the silhouettes of prey against 
the dim background light from 
the surface (p.276). Camouflage 
is achieved in various ways. 
Transparency is obviously effective, 
but some parts — the eyes and the 
gut — can’t be made transparent, 
and a common alternative is to turn 
the sides of the fish into plane mirrors 
(p. 332). This works because the 
symmetrical distribution of light in 
the sea around the vertical means 
that light reflected from a vertical 
mirror has the same brightness as 
light that would have come through 
it. However, fish are not flat sided 
and, as Eric Denton showed in the 
1960s [5], fish construct flat mirror 
surfaces by tilting the individual 
reflecting platelets in their scales 
into a vertical alignment. There is 
still the problem of the silhouette, 
and this is solved in many fish, squid 
and crustaceans by populating 
the underside with luminescent 
structures — photophores — whose 
output is adjusted so that the effect is 
to match the down-welling light, thus 
completing the illusion of invisibility 
(p.318). Bioluminescence has many 
other uses in the sea: illuminating 
prey, luring prey, distraction and mate 
attraction (p. 320). Indeed, below 
about 800 m it is the only effective 
source of light.
This book offers a wide-ranging 
review of much of what has been 
happening in the field of comparative 
vision since Lythgoe’s book came 
out 35 years ago. Anyone interested 
in vision will enjoy reading it, and it 
is certainly suitable as a text book in 
biology courses. It is not expensive, 
given its content, and perhaps its only 
drawback is its physical bulk, which 
might make it hard to carry between 
classes. 
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What is thanatosis? ‘Thanatosis’ 
derives from the Greek word for death 
and describes an unusual behavioural 
state that has a number of different 
names: ‘death feigning’, ‘playing 
possum’ (after one of its exemplary 
practitioners), ‘catatonia’ and, more 
whimsically, ‘animal hypnosis’, but the 
term with the widest usage (among 
scientists at least) is the more neutral 
‘tonic immobility’. Thanatosis is 
characterised by a number of different 
features: catalepsy, immobility with a 
prone but stiff posture maintained by 
pronounced tonic muscular activity; 
‘waxy flexibility’ of the limbs, which if 
moved by an external force maintain 
the newly imposed position for long 
periods; and unresponsiveness to 
external stimuli, while remaining fully 
aware of the environment. The onset 
of thanatosis is rapid and can persist 
from seconds to hours. Its termination 
is generally equally rapid, with the 
righting reflex reasserting itself and 
the animal then immediately able to 
perform at its full capacity. 
Thanatosis is normally triggered in 
situations perceived to be of extreme 
danger, typically an imminent threat of 
predation, and elicited by strong and 
sustained tactile stimuli consistent with 
having been caught by a predator. As 
such, thanatosis is distinct from the 
freezing response that occurs when 
danger is first detected; rather, it is the 
terminal defensive response when all 
other options of evasion, fight or flight 
have failed. Thanatosis is of widespread 
occurrence in the arthropods and in 
all the classes of vertebrates, possibly 
including humans (hence ‘scared stiff’). 
The movement of prey commonly 
releases killing behaviours by predators; 
thanatosis removes these stimuli and in 
doing so may prevent further short-term 
damage. 
Are animals in thanatosis really 
feigning death? What survival 
advantage could such an extreme 
reaction provide, other than to 
assist predators in dispatching their 
prey? Some animals appear very 
conspicuous when in thanatosis; for 
Quick guide example, the American Opossum (Didelphis virginiana) and hog nosed 
snake (Heterodon spp.) assume 
contorted postures with their eyes 
open and their tongues protruding from 
gaping mouths. They urinate, defecate 
and secrete a foul-smelling fluid from 
anal glands. The frog Leptopelis rufus 
releases an ammonia-like substance 
from its mouth. Do such ‘death’ 
displays act as an unusual form of 
camouflage, with the prey disguised 
as a long-dead version of itself? This 
interpretation is problematic. The 
strong stimuli typically needed to 
induce thanatosis mean that a predator 
will have encountered its prey in its 
‘live’ form immediately beforehand. 
Didelphis opposums and Heterodon 
snakes enter thanatosis unusually 
easily; they may therefore be able to 
assume camouflage before a close 
encounter with their predator. 
How can thanatosis increase survival 
chances? The more important 
aspect of their defence may be the 
substances that thanatotic animals 
secrete. Although reminiscent of 
putrescence, their smell is not identical 
to that of decomposition, but they are 
nevertheless highly repellent. ‘Death’ 
displays with chemical defences 
therefore segue into more obvious 
aposematic warning systems. Fire-
bellied toads (Bombina spp.), for 
example, assume contorted postures 
akin to thanatosis when attacked 
(the unkenreflex) which reveal bright 
colours warning of their deterrent taste. 
The lack of movement of thanatotic 
prey may increase the chance that a 
predator will attend to warning signals 
and/or chemical defences and act 
accordingly, rather than focussing on 
overpowering its victim. 
Thanatosis can sometimes deter 
by simply making prey too difficult 
to eat. The pygmy grasshopper 
Criotettix japonicus (Tetrigidae) always 
stretches out its body in three different 
directions when entering thanatosis, 
which orientates a number of spines 
into prominent positions. This posture 
specifically protects against predation 
by frogs, which are limited by the 
size of prey they can swallow whole; 
however, it offers little protection 
against birds.
Thanatosis may also facilitate the 
contrasting strategy of camouflaged 
inconspicuousness. Arthropods in 
thanatosis often assume characteristic 
postures, withdrawing their extremities 
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enhancing camouflage. They also 
generally let go of the substrate, and 
because many arthropods live on 
non-horizontal environments such as 
plants, this may allow them to fall away 
from the predator — a simple, gravity-
facilitated escape mechanism, followed 
by a period of motionlessness during 
which their camouflage is maximised. 
Desert locusts (Schistocerca 
gregaria) utilise both anti-predator 
strategies, occurring in either an 
aposematic gregarious phase or 
a camouflaged solitarious phase. 
Both phases exhibit thanatosis, but 
the duration of thanatosis-induced 
catalepsy is ten times longer in 
solitarious locusts, suggesting that for 
effective camouflage, motionlessness 
has to be maintained for long periods, 
whereas for advertising distastefulness 
only a relatively brief period is needed. 
How can being part of a group 
help? Thanatosis may provide a 
significant survival advantage to 
animals in groups, where it offers a 
selfish advantage relative to other 
group members that are still active 
and therefore likely to draw predators’ 
attention. Cats (Felis domesticus) 
given a choice between an active 
quail (Coturnix coturnix japonica) and 
one in thanatosis chose active birds 
in 86% of trials. Furthermore, time 
spent by cats stalking, attacking and 
handling quail was inversely related to 
the time the birds spent in thanatosis. 
Similarly, red flour beetles  (Tribolium 
castaneum) displaying thanatosis 
survive better in the presence of other 
beetles compared to when they are 
on their own. Young fire ant workers 
(Solenopsis invicta) immediately enter 
into thanatosis when attacked by 
rival ants, whilst older workers with 
more heavily sclerotized cuticles fight 
the attackers. Thanatotic ants had 
a fourfold increase in survivorship 
compared to those that fought. Older 
ants are not only better able to fight, 
but are more expendable to the colony, 
whereas younger ants have a much 
greater potential to contribute to brood 
care and colony growth. 
An unusual manifestation of using 
thanatosis to increase the salience 
of other potential prey is seen in the 
hunting spider Pisaura mirabilis. As 
with many predatory invertebrates, 
there is an inherent risk to males of 
females viewing them as food rather 
than a mate. Male hunting spiders ameliorate this threat by making 
nuptial gifts of paralysed insects to 
females before attempting mating. 
Nevertheless, a moving male may still 
be more attractive as prey than an inert 
offering and males commonly enter 
thanatosis once the gift is passed to 
the female. Only when the female has 
taken the offering and started feeding 
will the male reactivate and commence 
mating. The incidence of this behaviour 
is variable, but males are more 
reproductively successful if they enter 
thanatosis.
A last chance of escape? Thanatosis 
increases the chance of surviving 
a predatory encounter even in the 
absence of neighbours or other 
obvious defences. It may offer only 
a slight chance of reprieve, but 
many predators will remove their 
prey to a safer location to consume. 
Although they appear inert, thanatotic 
animals are continuously monitoring 
their environment and processing 
information so that the duration of 
thanatosis is gauged to the perception 
of ongoing risk and the opportunity 
to escape. Anolis lizards have briefer 
thanatosis when there is nearby shelter 
available, whilst thanatosis in chicks 
(Gallus gallus) is substantially longer in 
the face of a perceived ongoing threat, 
such as a stuffed hawk, than in the 
absence of such stimuli. Chicks are 
even able to make a graded appraisal 
of risk, showing an intermediate 
thanatosis duration when the hawk 
was presented facing away rather 
than towards them. Eyes, either real or 
simulated, have a particularly potent 
effect on the duration of thanatosis. 
Dead companions with closed eyes 
have little effect on the duration of 
thanatosis in chicks, but if the eyes 
were open or if chicks were restrained 
in front of their own reflections 
thanatosis lasted much longer.
How is thanatosis controlled? As 
well as the immobility that is its 
hallmark, thanatosis may also be 
accompanied by other physiological 
changes. In American opossums, 
the heart rate decreases by 46%, 
respiratory rate by 31% and body 
temperature drops by 0.6°C during 
thanatosis. Reduced breathing rates 
and bradycardia is widespread in 
vertebrates during thanatosis. In order 
to maintain normal blood pressure, 
there is an accompanying increase 
in peripheral resistance that may also protect against excessive blood 
loss. Active fight or flight responses 
are predominately controlled by 
the sympathetic nervous system, 
but thanatosis and its associated 
effects such as lowering of heart and 
breathing rates, salivation, defecation 
and urination are consistent with 
parasympathetic mediation. In insects, 
ventilatory movements of the abdomen 
decrease strongly during thanatosis; 
the heart rate, however, was found to 
be double the resting state in crickets.
In stick insects (Carausius morosus), 
slow flexor and extensor motor 
neurons fire tonically throughout 
thanatosis to maintain the stick-like 
posture. Thanatosis in crickets (Gryllus 
bimaculatus) is similarly maintained 
by the tonic firing of slow flexor 
tibiae motor neurons, while activity of 
other excitatory and inhibitory motor 
neurons is suppressed. In crickets, 
thanatosis comprises two distinct 
phases: induction and maintenance. 
During induction, physical restraint 
leads to the production of vigorous 
resistance reflexes driven by bursting 
activity by all excitatory motor neurons. 
This produces a build-up of isometric 
tension in the flexor muscles, triggering 
the maintenance phase, which is 
characterised by the rapid cessation of 
fast motor neuron activity, leaving only 
slow flexor motor neurons active. 
Neurochemicals that affect 
motivational state can also affect 
thanatosis. Dopamine receptor 
antagonists increase thanatosis 
duration in both birds and mammals, 
whereas dopamine agonists have the 
opposite effect. Tribolium beetles with 
an increased propensity for thanatosis 
were found to have lower dopamine 
levels than conspecifics that prefer to 
actively flee from predators; injections 
of dopamine or octopamine (the 
invertebrate analog of norepinephrine) 
reduced the duration of thanatosis. 
Octopamine also reduces the duration 
of thanatosis in the spider Larinoides 
cornutus, whereas serotonin increased 
its duration. In vertebrates the role 
of serotonin is complex, either 
attenuating or enhancing thanatosis 
depending on species, dose and site 
of action. Different serotonin receptor 
subtypes appear to have distinct roles 
in modulating thanatosis. The stress 
hormone corticotropin releasing factor 
increases the duration of thanatosis 
when injected into the amygdala, a 
brain region important for regulating 
emotional state.
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Thanatosis has been viewed as a 
proxy for ‘fearfulness’ in animals — a 
general proclivity to engage defensive 
or withdrawal behaviours. Not all 
situations that evoke fear responses 
however, will induce thanatosis: 
normally it requires that the animal 
be forcefully held. Thanatosis is an 
unlearned reflex action, and although 
its onset and maintenance can be 
modulated, it is quite different from 
the inactivity produced by the ‘learned 
helplessness’ model of depression 
in animals. Thanatosis can be readily 
induced in decerebrate chickens and 
still be terminated by a normal righting 
reflex. In insects, the brain is required 
for the initiation of thanatosis, but can 
be maintained by the thoracic ganglia. 
The relationship between strength 
of thanatosis and other measures 
of fearfulness seems to depend on 
species. 
Thanatosis is probably a basal and 
evolutionarily conserved defensive 
mechanism of last resort. Of itself, 
it probably only offers the slimmest 
chance of escape from situations 
of near certain death, but in such 
critical circumstances may still 
offer a selective advantage. As 
with all adaptations, thanatosis has 
become the substrate for further 
specializations in some species by 
becoming co-opted into various larger 
defensive strategies, both active 
aposematic warning systems and 
passive camouflage systems, which 
considerably enhance the chance of 
surviving a predatory encounter.
Where can I find out more?
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Recognition memory enables us to 
discriminate whether an event has 
occurred in the past, and is widely 
interpreted to reflect the conscious 
retrieval of episodic traces or familiarit
[1,2]. Non-conscious mnemonic 
influences, such as repetition priming, 
are thought to have a negligible effect 
on standard tests of recognition 
memory [3]. A major difficulty with 
this conclusion is that it is exclusively 
based on the results from experimenta
protocols that use stimulus materials 
available to conscious perception. 
In eight experiments (N = 144), we 
tested the necessity of mechanisms 
related to conscious perception for 
accurate recognition memory by 
manipulating observers’ awareness 
of either the encoded event and/
or the retrieval cues. Remarkably, 
observers made accurate objective 
and subjective recognition memory-
guided judgments without visual 
awareness of the encoded events, 
retrieval cues or, most strikingly, 
both. These results demonstrate 
that non-conscious processes can 
drive accurate recognition memory, 
and are a significant challenge to 
neurobiological accounts centered 
on the conscious retrieval of episodic 
traces or familiarity.
In Experiment 1, we tested the 
prediction that non-conscious 
retrieval cues support recognition 
memory for visible words presented 
at study (Figure 1A). In the study 
phase, observers performed trial-
wise animacy judgments on 40 
visible words. After a five-minute 
interval, word-based retrieval cues 
(11.8 ms) were presented during a 
discrete test phase. These retrieval 
cues were rendered non-conscious 
by backward and forward masks 
(58.8 ms), and observers were asked 
to: (1) decide whether the masked 
retrieval cue was old or new; (2) rate 
the confidence associated with each 
old-new discrimination on a six-point 
scale; and (3) report the identity of 
Correspondences the masked cue. A signal detection theory-based objective measure 
(d′ = 0.30, t(17) = 2.74, p < 0.01; 
Figure 1B) and subjective confidence 
ratings (t(17) = 2.87, p < 0.01; 
Figure 1C) revealed accurate 
discrimination between masked old 
and new retrieval cues. Importantly, 
this occurred despite the inability of 
observers to report the identity of the 
retrieval cues (accuracy = 2%). 
In Experiment 2, we asked the 
reciprocal question: can words masked 
from visual awareness at study support 
accurate recognition with visible 
retrieval cues? To assess whether 
the words were adequately masked, 
observers rated the confidence of 
animacy judgements on a three-
point scale. The results revealed that, 
even though masking led to chance 
performance on animacy judgments 
at study (50.7%, t(17) = 0.4, n.s.), 
significant recognition memory was 
evident on the objective (d′ = 0.27, 
t(17 )= 3.32, p < 0.005) and subjective 
(t(17) = 3.24, p < 0.005) measures. 
Evidence from Experiments 1 and 2 is 
consistent with a view that conscious 
and non-conscious based mnemonic 
mechanisms can interact in service of 
accurate recognition memory.
In six additional experiments, words 
were masked from visual awareness 
at both study and test to identify 
whether non-conscious memory 
alone can drive accurate recognition 
memory. In Experiment 3a, single 
presentations of masked words led 
to chance recognition performance 
(d′ = 0.06, t(17) = 0.95, n.s.; subjective 
ratings, t(17) = 1.51, n.s.). Therefore, we 
modified the study protocol based on 
prior evidence that spaced repetition 
increases the likelihood that an 
event will be perceived as previously 
encountered [4]. In Experiment 3b, 
each masked word was now presented 
twice at study, with all other aspects of 
the design unchanged from Experiment 
3a. Critically, this manipulation led 
to accurate objective non-conscious 
discrimination (d′ = 0.15, t(17) = 2.03, 
p < 0.05), but did not support accurate 
subjective judgments (t(17) = 1.39, n.s.).
To establish if repetition could lead 
to accurate subjective judgments, 
masked words were next presented 
three times at study (Experiment 3c). 
Significant non-conscious recognition 
memory was evident again on the 
objective measure of discriminability 
(d′ = 0.22, t(17) = 2.40, p < 0.05), and this 
was now accompanied by accurate 
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